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Background 

Acute promyelocytic leukemia (APL) can be life threatening, necessitating emergency 
therapy with prompt diagnosis by morphologic findings, immunophenotyping, cytoge- 
netic analysis, or molecular studies. This study aimed to assess the current routine practi- 
ces in APL and the clinico-pathologic features of APL. 

Methods 

We reviewed the medical records of 48 Korean patients (25 men, 23 women; median 
age, 51 (20-80) years) diagnosed with APL in 5 university hospitals between March 2007 
and February 2012. 

Results 

The WBC count at diagnosis and platelet count varied from 0.4 to 81 .0 (median 2.0) x 1 o7l 
and 2.7 to 124.0 (median 54.5)x1o7l, respectively. The median values for prothrombin 
time and activated partial thromboplastin time were 1 4.7 (1 1 .3-44.1 ) s and 29 (24-62) 
s, respectively. All but 2 patients (96%) showed afibrin/fibrinogen degradation product 
value of >20 |ag/mL. The D-dimer median value was 5,000 (686-55,630) ng/mL. The 
t(15;1 7)(q22;q12 and PM/.-/?/\/?A fusion was found in all patients by chromosome analysis 
and/or multiplex reverse transcriptase-polymerase chain reaction (RT-PCR), with turn- 
around times of 8 (2-19) d and 7 (2-13) d, respectively. All patients received induction 
chemotherapy: all-trans retinoic acid (ATRA) alone (N = 11, 26%), ATRA+idarubicin 
(N=25, 58%), ATRA+cytarabine (N = 3, 7%), ATRA+idarubicin +cytarabine (N=4, 9%). 

Conclusion 

Since APL is a medical emergency and an accurate diagnosis is a prerequisite for prompt 
treatment, laboratory support to implement faster diagnostic tools to confirm the pres- 
ence oi PML-RARA is required. 

Keywords Acute promyelocytic leukemia, PML-RARA, Immunophenotyping, 
Cytogenetic analysis. All-trans retinoic acid 



INTRODUCTION 

Acute promyelocytic leukemia (APL) is a well known 
type of acute myeloid leukemia (AML) with characteristic 
biological and clinical features, which include the presence 
of the chromosomal translocation t(15;17)(q22;ql2) resulting 



in the fusion of the promyelocytic leukemia {PML) and reti- 
noic acid receptor-a {RARAl) genes, the frequent association 
at diagnosis of a severe hemorrhagic diathesis, and an in 
vitro and in vivo sensitivity to the differentiating agent 
a.11- trans retinoic acid (ATRA) [1-3]. According to the 2008 
World Health Organization (WHO) classification [4], the 
presence of t(15;17) or the gene rearrangement PML-RARA 
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is required to diagnose APL. To date, 3 isoforms of PML- 
RARA fusion transcripts are known: short (S), long (L), and 
variable (V) [5]. 

The airrent standard for induction therapy is the simulta- 
neous combination of ATRA with anthracycline-based che- 
motherapy, which results in an extremely high antileukemic 
efficacy, achieving a 90% to 95% complete remission rate 
[6, 7]. Because the detection of PML-RARA at diagnosis 
predicts a response to ATRA [8], diagnostic identification 
of t{15;17) or PML-RARA is critical for not only the diagnosis 
of the disease but also the correct therapeutic intervention. 
In addition, coagulopathy in APL can be life threatening 
and requires emergent therapy along with a prompt diagnosis 
by the integration of morphological findings, immuno- 
phenotype, cytogenetics, and molecular studies [9]. 

This study was undertaken to assess the current routine 
practice in APL, with a focus on whether the genetic test 
results are available by the time that therapeutic decisions 

r 

Table 1. Demographic & laboratory characteristics of the 48 
patients with acute promyelocytic leukemia. 

Characteristics N (%) Median (range) 



While presence of PML-RARA was confirmed in 36 patients, 
PML-RARA isoform results were available in 25 cases. 
Abbreviations: WBC, white blood cell; Hb, hemoglobin; PT, 
prothrombin time; aPTT, activated partial thromboplastin time; 
FDP, fibrin/fibrinogen degradation product; NSE, nonspecific 
esterase; RT-PCR, reverse transcriptase-polymerase chain reac- 
tion; ND, not done. 



are made. The clinico-pathologic features of APL were also 
assessed. 

MATERIALS AND METHODS 

Forty-eight Korean patients, who were newly diagnosed 
with APL between March 2007 and February 2012 in 5 
university hospitals, were included in this study. We re- 
viewed the clinical and laboratory findings of the patients, 
such as age, gender, complete blood cell (CBC) counts, pro- 
thrombin time (PT), activated partial thromboplastin time 
(aPTT), fibrin/fibrinogen degradation product (FDP), D-dim- 
er, bone marrow (BM) study, immunophenotyping, chromo- 
some analysis, molecular study, and therapeutic regimens 
administered. We also investigated the turnaround time 
(TAT) of laboratory tests confirming the presence of t{15;17) 
(chromosome analysis) or PML-RARA (molecular study), 
and the elapsed time between the initiation of induction 
therapy and the BM study. The TAT was defined as the 
time interval between the receipt of a bone marrow sample 
at the laboratory and the verification of the test results. 

This study was performed under the approval of Ajou 
University Hospital Institutional Review Board. The flow 
cytometric analysis for immunophenotyping, chromosome 
analysis, and molecular studies were carried out according 
to the same methods as our previous study [10]. 

RESULTS 

The demographic characteristics and laboratory features 
of the 48 APL patients are summarized in Table 1. All the 
patients were adults except for one. Prolonged PT was ob- 
served in 38 (81%) out of 47 patients tested, and prolonged 
aPTT in 6 patients (13%). Increased FDP and D-dimer were 
observed in all of the 39 patients tested. 

The results of fluorescent in situ hybridization (FISH) 
were only available for 13 patients and were not included 
in this study. 

Lmmunophenotyping: The strong expression of CD33 was 
a constant feature in all patients, and it was accompanied 
by variable CD 13 expression. AH patients but 2 (44/46, 96%) 

n 

Table 2. Additional chromosomal abnormalities in APL patients. 

Chromosomal anomalies N 

+ 8"' 7 
ider(17)(q10)t(15;17)(q22;q21)"' 5 
Others'" 8 



'"Two patients had both trisomy 8 and ider(1 7)(q10)t(1 5;1 7)(q22; 
q21), one patient had trisomy 8 and del(6)(q21q25), and one 
patient had trisomy 8 and add(6)(q27). '"'Other abnormalities 
include t(2;14)(q1 1 .2;q1 1 .2)del(1 1 )(q23)/t(7;14)(p10;q10),-14/ 
16q-/inv(9)(p12q13)/del(6)(q21q25)/-l-21/+6(q27)/add(19)(p13. 
3). 



Gender 



Male 


25 (52) 




Female 


23 (48) 




Age (y) 




48 (2-80) 


Complete blood count 






WBC (xio7l) 




2.0 (0.4-81.0) 


Hb (g/dL) 




8.8 (4.9-15.0) 


Platelet (x1o7L) 




54.5 (2.7-124) 


Coagulation profile 






PT(s) 




14.7 (11.3-44.1) 


aPTT (s) 




29 (24-62) 


FDP (^g/mL) 




>20 (10->20) 


D-dimer (ng/mL) 




5,000 (686-55,630) 


Bone marrow 






Blasts and promyelocytes (%) 




82.4 (20-96) 


Faggot cells positive 


35 (73) 




NSE positive 


13 (27) 




Immunophenotype 






CD13+CD33+ 


31 (79) 




CD13+CD33 + DR-I- 


2 (5) 




CD13-HCD33 + CD34-I- 


4 (11) 




CD13-I-CD34-H 


1 (2.5) 




CD33-I-CD34-H 


1 (2.5) 




Conventional cytogenetics 






t(15;1 7) present 


37(77) 




t(15;17) absent 


11 (23) 




Multiplex RT-PCR 






PML-RARA present"' 


36 (97) 




L-form 


13 




S-form 


11 




V-form 


1 




Invalid 


1 (3) 




ND 


11(23) 





Blood Res 2013;48:31-4. 



bloodresearch.or.kr 



Routine practice in APL patients 



33 



Table 3. The lead time (in days) for reporting the results of 
diagnostic studies and initiating the induction therapy. 



Median (range) 


Conventional cytogenetics 


8 (2 to 19) 


Multiplex RT-PCR 


7 (2 to 1 3) 


Induction chemotherapy 


0 (-4 to 7) 



showed the characteristic absence or a low percentage of 
HLA-DR expressing cells. Only 6 patients (13%) were CD34 
positive. 

Conventional cytogenetics: Among the 48 patients, the 
t(15;17) translocation was found in 37 patients (77%), a nor- 
mal karyotype in 9 patients (19%), 45,X,-Y in one patient 
(2%), and 47,XY,+8 in one patient (2%). The reverse tran- 
scriptase-polymerase chain reaction (RT-PCR) detected 
PML-RARA in all 11 patients whose karyotyping failed to 
reveal t(15;17). Sixteen cases (33%) had additional chromoso- 
mal abnormalities besides t(15;17) (Table 2). The most com- 
mon additional chromosomal abnormality was +8. The me- 
dian TAT for chromosome analysis was 7 d (Table 3). 

Molecular studies: Multiplex RT-PCR for PML-RARA iso- 
forms was performed in 37 out of 48 patients, and PML- 
RARA was detected in 36 cases (Table 1). RT-PCR failed 
to yield a valid result in one case because there was no 
amplification of the internal control fragment. The cytoge- 
netic study detected t(15;17) in the 12 cases whose RT-PCR 
results were invalid or unavailable. The median TAT for 
RT-PCR was 7 d (Table 3). 

Induction therapy: Induction regimens given to the APL 
patients were as follows: ATRA alone (N=ll, 26%), ATRA+ 
idarubicin (N=25, 58%), ATRA+cytarabine (N=3, 7%), and 
ATRA+idarubicin+cytarabine (N=4, 9%). The median time 
interval between the BM study and the initiation of induction 
therapy was 0 d (Table 3). 

DISCUSSION 

APL is imcommon in children imder 10 years of age and 
is mostly prevalent in midlife. Most of the demographic and 
laboratory characteristics of our patients (Table 1), including 
immtmophenotype and distribution of PML-RARA isoforms, 
do not seem to differ substantially from those of previous 
reports [11-15]. Flow cytometric analysis is a useful tool in 
helping to make a correct diagnosis. Strong CD33 expression, 
CD13 positivity, and a lack of HLA-DR expression were char- 
acteristic findings in almost aU patients studied. Only 2 patient 
(2%) showed an HLA-DR expression, which has been re- 
ported in up to 6% of APL patients [13, 16, 17]. 

All 48 patients revealed the markers t(15;17) or PML-RARA 
by conventional cytogenetics, RT-PCR, or both. Therefore, 
a combination of chromosome analysis and RT-PCR is ideal 
for diagnosing APL [18]. In addition, RT-PCR has been tised 
as the only technique that defines the PML breakpoint type 



in PML-RARA fusion genes. This defines an appropriate strat- 
egy for subsequent minimal residual disease (MRD) monitor- 
ing [19] although Lee et al. showed that the PML-RARA 
isoform type made no significant difference in pretreatment 
cUnical characteristics or treatment outcomes [14]. 

In previous studies, secondary cytogenetic abnormalities 
have been reported in 26% to 40% of cases, and among 
them, trisomy 8 was reported as the most frequent abnormal- 
ity, with ider(17)(ql0) accounting for only 1% to 3% [20, 
21]. However, in the present study, ider(17) was observed 
in 5 patients (10.4%), being the second most frequently ob- 
served additional chromosomal abnormality following tris- 
omy 8. Although the significance of this finding remains 
to be faUy elucidated, it is noteworthy that ider(17) is one 
of the most common additional chromosomal aberrations 
in the Korean population. 

Ever since the introduction of ATRA in front-line therapy 
APL has been considered to be the most curable subtype 
of AML [22, 23]. Despite the great improvement in APL 
treatment, early death due to severe bleeding is one of the 
major problems in APL, which occurs in approximately 5- 
10% of newly diagnosed cases [24]. The life-threatening 
bleeding problems associated with disseminated coagulop- 
athy require instant treatment with ATRA, and the correct 
diagnosis should be considered as a medical emergency in 
a patient with APL, requiring a fast and accurate diagnosis, 
preferably within hours [25]. 

However, the genetic (molecular) techniques are time con- 
suming: 1-2 d for FISH and PCR techniques and even 1-2 
weeks for cytogenetics [25]. Our results confirmed the cur- 
rent practice that chromosome analysis required a median 
of 7 d (minimum 2 d, maximum 19 d) and RT-PCR, 7 d 
(minimtim 2 d, maximimi 13 d) (Table 3). Although RT-PCR 
might require 2-3 d, we realized that RT-PCR was being 
performed on a weekly basis due to the limited numbers 
of well-trained technicians and PCR machines, which re- 
sulted in the disappointingly long TAT of RT-PCR. 

The present study showed that induction therapy required 
a median of 0 d because most patients started the therapy 
on the same day that the BM study was conducted. The 
decision to start therapy was made depending mainly on 
the morphology, cytochemical reaction, and/or immuno- 
phenotype of the leukemic blasts. In practice, hematologists 
tend to start induction therapy with an unknown state of 
t(15;17) or PML-RARA because late diagnosis and delayed 
treatment initiation are significantly associated with severe 
bleeding and early death in APL [26]. Therefore, an atypical 
morphology or immunophenotype may compromise a rapid 
diagnosis and treatment of APL. 

The current practice seems too slow and time consuming 
for routine diagnostic applications and needs to be improved 
in the detection of the characteristic oncogene or onco- 
protein. To improve the clinical and laboratory flow, it might 
be necessary to introduce a much faster technique that can 
be performed more easily and without special laboratory 
facilities, as well as a more meticulous management of skills 
to adjxist and prioritize the laboratory processes. A promising 
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new method called the PML-RARA immunobead assay, 
which adopts a faster and easier flow cytometric technique 
and immunobead-based detection of the fusion protein, has 
shown ftiUy concordant results with RT-PCR [25]. We herein 
highlight the continued requirement for faster assays to be 
made available for routine laboratory use as soon as possible. 

In summary, our study showed that the results confirming 
the presence of t{15:17) or PML-RARA are not available at 
the time of decision for treatment in most APL cases because 
the cytogenetic and molecular tests require highly technical 
and time-consuming procedures that are not available in all 
locations due to resource limitations. Since APL represents 
a medical emergency, and accurate diagnosis is a prerequisite 
for prompt treatment, faster diagnostic tools to confirm the 
presence of PML-RARA are urgendy required in routine labo- 
ratories in order to reduce mortality from APL. 

Authors' Disclosures of Potential Conflicts of Interest 

No potential conflicts of interest relevant to this article 
were reported. 

REFERENCES 

1. Bennett JM, Catovsky D, Daniel MT, et al. A variant form of 
hypergranular promyelocytic leukaemia (M3). Br J Haematol 
1980;44:169-70. 

2. Zhu J, Koken MH, Quignon F, et al. Arsenic-induced PML 
targeting onto nuclear bodies: implications for the treatment of 
acute promyelocytic leukemia. Proc Natl Acad Sci USA 
1997;94:3978-83. 

3. Huang ME, Ye YC, Chen SR, et al. Use of all-trans retinoic acid 
in the treatment of acute promyelocytic leukemia. Blood 
1988;72:567-72. 

4. Swerdlow SH, Campo E, Harris NL, et al, eds. WHO classification 
of tumours of haematopoietic and lymphoid tissues. 4th ed. Lyon, 
France: lARC, 2008:112-4. 

5. Pandolfi PP, Alcalay M, Fagioli M, et al. Genomic variability and 
alternative spUcing generate multiple PML/RAR alpha transcripts 
that encode aberrant PML proteins and PML/RAR alpha isoforms 
in acute promyelocytic leukaemia. EMBO J 1992;11:1397-407. 

6. Castaigne S, Chomienne C, Daniel MT, et al. All-trans retinoic acid 
as a differentiation therapy for acute promyelocytic leukemia. 1. 
Chnical results. Blood 1990;76:1704-9. 

7. Warrell RP Jr, Frankel SR, MiUer WH Jr, et al. Differentiation 
therapy of acute promyelocytic leukemia with tretinoin 
(all-trans-retinoic acid). N Engl J Med 1991;324:1385-93. 

8. HiHestad LK. Acute promyelocytic leukemia. Acta Med Scand 
1957;159:189-94. 

9. Stein E, McMahon B, Kwaan H, Altman JK, Frankfurt O, Talbnan 
MS. The coagulopathy of acute promyelocytic leukaemia 
revisited. Best Pract Res Clin Haematol 2009;22:153-63. 

10. Cho SR, Park SJ, Kim HJ, et al. Acute promyelocytic leukemia with 
complex translocation t(5;17;15)(q35;q21;q22): case report and 
review of the literature. J Pediatr Hematol Oncol 201 l;33:e326-9. 



11. Awisati G, Lo-Coco F, Paoloni FP, et al. AID A 0493 protocol for 
newly diagnosed acute promyelocytic leukemia: very long-term 
results and role of maintenance. Blood 2011;117:4716-25. 

12. Sanz MA, Montesinos P, Rayon C, et al. Risk-adapted treatment 
of acute promyelocytic leukemia based on aU-trans retinoic acid 
and anthracycline with addition of cytarabine in consolidation 
therapy for high-risk patients: flarther improvements in treatment 
outcome. Blood 2010;115:5137-46. 

13. Creutzig U, Harbott J, Sperling C, et al. Clinical significance of 
surface antigen expression in children with acute myeloid 
leukemia: results of study AML-BFM-87. Blood 1995;86:3097- 
108. 

14. Lee WS, Lee SM, Lee KH, et al. Clinical significance of PML/RAR 
alpha isoforms in acute promyelocytic leukemia. Korean ] Med 
2008;75:412-9. 

15. Yi HG, Lim JH, Kim IS, et al. Ten-year experience on acute 
promyelocytic leukemia at Inha University Hospital. Korean I 
Hematol 2006;41:289-96. 

16. Frankel SR. Acute promyelocytic leukemia. New insights into 
diagnosis and therapy. Hematol Oncol Clin North Am 
1993;7:109-38. 

17. Drexler HG. Classification of acute myeloid leukemias-a com- 
parison of FAB and immunophenotyping. Leukemia 1987;1:697- 
705. 

18. Park JS, Yi fW, leong SH, et al. Comparison of multiplex reverse 
transcription polymerase chain reaction and conventional 
cytogenetics as a diagnostic strategy for acute leukemia. Int J Lab 
Hematol 2008;30:513-8. 

19. Diverio D, Riccioni R, MandeUi F, Lo Coco F. The PML/RAR alpha 
fusion gene in the diagnosis and monitoring of acute promy- 
elocytic leukemia. Haematologica 1995;80:155-60. 

20. Cervera J, Montesinos P, Hernandez-Rivas JM, et al. Additional 
chromosome abnormalities in patients with acute promyelocytic 
leukemia treated with aU-trans retinoic acid and chemotherapy. 
Haematologica 2010;95:424-31. 

21. De Botton S, Chevret S, Sanz M, et al. Additional chromosomal 
abnormalities in patients with acute promyelocytic leukaemia 
(APL) do not confer poor prognosis: results of APL 93 trial. Br J 
Haematol 2000;111:801-6. 

22. Tallman MS, Nabhan C, Feusner JH, Rowe JM. Acute promy- 
elocytic leukemia: evolving therapeutic strategies. Blood 2002;99: 
759-67. 

23. Sanz MA, Tallman MS, Lo-Coco F. Tricks of the trade for the 
appropriate management of newly diagnosed acute promyelo- 
cytic leukemia. Blood 2005;105:3019-25. 

24. Yanada M, Matsushita T, Asou N, et al. Severe hemorrhagic 
complications during remission induction therapy for acute 
promyelocytic leukemia: incidence, risk factors, and influence on 
outcome. Eur J Haematol 2007;78:213-9. 

25. Dekking E, van der Velden VH, Bottcher S, et al. Detection of 
fusion genes at the protein level in leukemia patients via the flow 
cytometric immunobead assay. Best Pract Res Clin Haematol 
2010;23:333-45. 

26. Di Bona E, Awisati G, Castaman G, et al. Early haemorrhagic 
morbidity and mortality during remission induction with or 
without all-trans retinoic acid in acute promyelocytic leukaemia. 
Br I Haematol 2000;108:689-95. 



Blood Res 2013;48:31-4. 



bloodresearch.or.kr 



